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1. Introduction

The basic design and development of this phosphor-penetration color
cathode-ray tube was prescribed by the USAECOM Technical Guidelines BD-6
document of 21 June, 1973. See the addendum attached to this Final Report.

1.1 The particulars of the bulb-geometry were camplied with by
using the Corning Glass Works bulb type J127El. This has a 16~inch-
diameter glass faceplate. The faceplate is available in two different
radil of curvature and with differing optical transmission. The face- :
plate chosen for this program has a 40-inch inside radius and a light- ;
transmission of 85%. |

The entire bulb 1s illustrated in Figure 1. It was purchased in
two pleces, with the separation indicated by the Bulb Clesure Line. A
This two-piece glass assembly is subsequently closed by a (solder- ‘
glass) frit seal.

1.2  The primary goal of this program was interpreted to be the
attairment of a voltage-switched color-change of the display "without
measurable effect upon the deflection-sensitivitv". This technical
performance was to be attained, as discussed in the early stages of this
program, by the insertion of a semi-transparent metal shield between
the HV-switched phosphor-screen and the magnetic deflection-yoke region.

The "isolation mesh" assembly, as sketched in the Figure 2 drawing of

the Mesh-ring frame, occupied the bulk of early development.
1.3 For the semi-transparent shield a custom-made, two-mil thick, 3
stainless-steel mesh was purchased from Buckbee-Mears Corp. It is

approximately 50% transmissive. To achieve the working resolution

requested in the Guidelines, this mesh has a pitch of 140 lines/inch,




with approximately 5-mil apertures. See Figure 3.

1.4 Initially it was agreed to contour the mesh to a convexity
co-spherical to the 40-inch radius of screen-curvature. Screen-to-mesh
separation was assigned a 0.5-inch gap.

The mesh-ring frame construction order was awarded to C. B. Kaupp
arnd Sons of Maplewood, New Jersey. They completed the ring frames in
good form, but the mesh-contour-doming could not be successfully achieved.
Note the mesh-wrinkles visible in the photograph of Figure 4. In due
course this technique was abandoned, and a test was conducted with a
flat-stretched mesh welded to the rim of the frame. This became the
standard mesh~frame assembly. later knowledge confirmed that this
technique was satlsfactory. |

1.5 In a standard process the J127El upper bulb assembly was
screened with voltage-sensitive, penetration-type phosphor. This
16-inch-diameter panel-section is pictured in Figure 5. The mesh-
frame is clip-mounted via three support springs into the bulb-furnel
assembly of Figure 6. |

The panel of Figure 5 is thereupon frit-sealed onto the funnel-
section, arnd the electron-gun of Figure 7 is flame-sealed into the
funnel-neck. The base is attached after the CRT 1s evacuated and
sealed-off. These assembly plans are pictured in Figure 8.

1.6 The appearance of the finished 16M100 CRT is shown in
Figure 9. Its manufacturing assembly outline dimensions and the
location of its electrical terminals are detailed in Figure 10.

The bulb-geometry remained unchanged throughout the entire program.

-2-
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2. Optical Design

The faceplate is 85 percent transmissive, and the shield-mesh is

about 50% transmissive. Thus the electron-beam current leaving the
) electron gun has to be 2.35 times larger than required by the basic
phosphor current-efficiency.

2.1 It was decided early that the red-to-green color-shift
would be limited to a 2-to-1 voltage-change. It was eventually
established by visual observation that RED should be generated by
8 kilovolts; thus GREEN would be energized by 16 kilovolts.

2.1.1 These materials are designated the PX178 phosphor and
the PX183 phosphor for reference.

2.2 The latter green luminescent phosphor exhibited a screen
efficiency of approximately 8 lumens/watt. Care was needed to
verify the actual electron current at the phosphor screen.

2.2.1 For the prescribed area of brightness-measurement of
10x10 inches, equal to 0.7 square foot, each watt of excitation
produced 11.4 foot-lamberts through the 85% transmissive faceplate.
At 16 kilovolts, the screen current for one watt is 63 micro-
amperes; the beam—current required is twice as great, or 126 uA,
because of the mesh-transmission.

2.3 The Guideline specifies 1000 adjacent spots per screen
diameter minimum. At 14 inches of screen diameter the spot-size
must be .014 inch. The mesh-pitch of .007 inch does little to
diminish this figure.

; 2.3.1 To achieve the specification figure of 100 foot-lamberts

» of green brightness, a peak electron~beam current of 1100 uA would

| be required.
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2.3.2 The maximum electron-beam current produced by the gun of
this CRT, at a (gun + mesh) potential of 16,000 volts, is 325 uA. As
this is only 30% of the screen current required, the peak green bright-
ness of this CRT is approximately 30 foot-lamberts.

2.4 The general theory of electron-energy absorption in a three-
layer penetration-phosphor screen is illustrated in Ficure 11. Assuming
equal density of each layer, note that the 8 kV electrons penetrate the
first 25% of screen-depth, i.e.; the red-emitting phosphor. Following
this is the "killed green" neutral layer. The final layer is active
green-emitting phosphor.

2.4.1 In practice electron-penetration of the red layer is not
precisely complete at 8 kV, nor is penetration of the green complete
at 16 kv.

2.4.2 Note that "red absorption" is more compactly defined
compared with the "green absorption" spread. Tt is necessary to

utilize a "killed" phosphor neutral gzone between the emission layers.

2.5 At the CRT facepiate the maximum color-di=nlay diameters
are not the same.
Max. Red image = 14 3/8" diameter approx., and
Max. Green image = 14 3/16" diameter approx:
in Mode II operation. This differential size is due to an electron-
optical trimming at the inside diameter of the mesh-frame assembly of

13 1/4". The transit angle between the mesh and screen is larger for

Red, owing to refractive bending of the beam.

This size-difference is intrinsic; it canrot be avoided by

e S

electronic compensation. However, the extra red border could be

mechanically masked.

=l
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2.6 Stainless-steel etched mesh in two-mil thickness with optical
transmission of 80% is available in 6x6 inch size.

It appears that this high-transmission mesh-material may be
marufactuwred in the near future, but the inter-aperture resolution may not
be better than 1000 LPI.

However, etched stainless-steel mesh in one-mil thickness could
have a better T.R. factor=(transmission x resolution).

3. Mechanical Design

The general details of the fabrication of the 16ML00 CRT are noted
as follows:

3.1 The J127El bulb is purchased in two parts, a panel ard a
funnel section. However, a number of add-on operations are required.

3.1.1 The panel despite its large thickness in side-section, has
a J121 contact-button flame-sealed in at 7/8 inch from its seal edge.

3.1.2 The panel-section contains a complete annular band of dag
corductor for good resistive contact to the metallized phosphor-screen.

3.1.3 The funnel-section has two additional J121 buttons flame-
sealed into its side-section. This was an anticipated corrective means
for cancelling the screen-section refraction errors. By means of
"Aquadag" bards at each J121 button, a voltage-gradient between bands
would compernisate the electron-beam path for a normal approach to the
mesh electrode.

3.1.4 This corrective scheme was insufficient in effect; the
correction zone is too short, and the flat mesh exaggerated the angle
to the normal.

3.1.5 An electron-gun is flame-sealed into the neck-area of the
funnel. The bulb-assembly of Figure 8 is then evacuated at high bake-

temperatures.




3.2 The panel and furnel rim edges, at the bulb-closure line,

are fine-ground to facilitate a frit-seal; this is similar to T-V CRT
technology.

3.2.1 The mesh-frame is mounted, via spring-loaded arms, onto the
furnel-section, not on the panel. The advantage of this assembly means ‘?
is the further separation of the mesh-electrode from the screen-electrode.
It minimizes the voltage-flashover problems, or leakage, which are likely
if the support-studs were emplaced on the panel.

3.2.2 Preliminary to frit-sealing, the mesh-ring frame-assembly
with its three radially mounted springs is inserted at the top end of
the furmel. Previously to this step, another frame was jigged to em~
place three color-CRT studs via a first frit-seal bake. The mesh-frame
springs clip upon the studs in the funnel, thereby firmly supporting
the mesh-frame. Finally the (solder-glass) fritted panel is mated to :
the furmel and frit-sealed. These are commerciai T-V CRT techniques. ]

3.3 Figure 2 is a cross-section drawlng of the mesh-ring frame
assembly. Essentially it is a short cylinder of 14 1/4" diameter, twist-
stabilized by a rim at each edge. It is of "S"-section shape.

The upper rim has a 13-1/4" I.D.; in this 1/2" annular
zone the isolation-mesh is attached. It does not appear to be necessary
to overlay this zone with a metal cover.
On the other side of the frame an annular ring, 14-1/2"

0.D. by 11" I.D., is welded to the lower rim. This aids frame-rigidity
and trims electron-beam overscan. This eliminates an "electron-splash"

from the high sidewall of the frame.

3.3.1 The top-side frame I. D. of 13-1/4" defines the maximum

display size on the phosphor-screen at about 14" 0.D.; an inscribed ’
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square of 10X10 inches per side just fits the circular area of the
phosphor-screen, as a test zone.
3.3.2 The isolation-mesh is of 2-mlls thickness with webs of

2-mil minimm width as a practical limit of producibility. A serious

attempt was made to "dome" the mesh-contour to a U40-inch radius-of-
curvature.

The welghted frame with mesh attached was placed over a

2 ond g o P b

section of a spherical form and was heated, for hours, to a temperature
of 800 degrees Celsius. It was contoured but badly wrinkled; see

) Figure 4. Also the out-board mounting-springs became annealed and

} lost their temper.

3.4 This problem was resolved by rim-welding a flat-stretched
mesh, heated under a 250-watt lamp, onto its frame. This assembly
weighed 1/3 kilograms. Fach spring had a’supporting strength of
1.5 kilograms

3.5 The final sub-assembly of the 16M100 CRT is the TEI type
1039-5 electron-gun. It is adopted from anothor military (AWACS) pro-
gram. It utilizes the 1ll-pin color-TV stem with the separated #9 pin;
to this is fed the (high) focus-voltage, up to 3000 volts.

The CRT stem plus glass tip-off is finished with a ce-
mented plastic keyway-base.

4, Electron-Optical Desiem

As noted in the Introduction of this report the general specifica-
} tions for this CRT were fixed by the Guidelines. In particular the
co-spherical isolation-mesh is the primary internal member of this

penetration-phosphor color-CRT. Notice, via Figure &, that the mesh is
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closely spaced to the phosphor-screen; it is within 1/2 inch.

4.1 It is evident that the intermal woltage-geometry of this 16M100
CRT is virtually identical to that of a standard CRT with a monochrome
phosphor and no internal mesh-shield. As such, this color CRT is an opera-~

tiomal retrofit to other tubes using the J127 bulb as a basic envelope. .

4.1.1 Except for the extra dag bands, seen in Figures 6 & 9, which

may have specilal woltages applied for internal refraction of the scanned

electron-pattern, this is an electronically-matched assembly. The opera-
tional performances of the electron-gun and the magnetic deflection yoke
are no different from those of established design. The CRT has an unipo-
tential interior and an unipotential (Einzel lens) focussing electron-gun.
4.1.2 The special difference in this CRT is located at the inter-
space gap between the mesh and screen when the gap-voltage is not zero.
4.1.3 Figure 12 is a simple drawing of any radial cross-section of
a domed mesh or a flat mesh. This difference is noted because of the im-
posed change from the initial mesh~contour. With a (peak) deflectlon-yoke
scan-angle, the radial scan height on the mesh can be iccated.
4.1.4 The radial scan-height on the screen, from the mesh to the
s phosphor-screen may be determined in terms of the differential angle e,
see Figure 13. Note that W, w3, or wu is added to Hl or H2, as the case
may be. Note too, there i1s a differential deflection-size change, labelled
"depositioning", for a plus vs minus voltage-gradient from mesh to screen.
4.1.5 Figure 14 is the more general case, for a display-screen in-
slde radius-of-curvature of B, and a mesh radius-of-curvature of R2. A
later discussion will establish that R2<< Rl’ and that a flat mesh is a |

very acceptable design.

The noint 1s made that the interspace gap 1, which varies ¢

~8-




from 7o on axis to g at max. screen-diameter, has a compensatory function
against scan-angle.
4.1.6 It was originally assumed that the mesh would be co-spherical

with the screen. However, test results made evident that color-switch

"depositioning" could not be compensated with a single value (AV4 or A V234)

of auxiliary switch-voltage. It is obvious that a fixed value of correc-
tion voltage 1is attractive for circuit operating simplicity.

Since depositioning (AH) of Figure 14 is a direct function
of the interspace (1), it was concluded that 1 had to diminish from Io
to 4. A sample calculation is included in Figure 14.

4.1.7 A graph of the magnitude of depositioning due to interspace
refraction is dlagrammed in Figure 15. Very simply, Mode I or Mode II
refractive depositioning, as in Figure 13, is plotted in Figure 15.

The phosphor sereen of the 16M100 CRT may be operated at a

higher voltage than the mesh V, /Vl&—) 2, or at a lower voltage than the

5
mesh, Vs/vll -»0.5 to chgnge the display color.

The depositioning resultant (AH) is small, being an approx.
1% dimension change. In theory, it could be made still smaller by dimin-
ishing the interspace or by diminishing the beam-angle with respect to
the normal to the mesh.

b2 Color-Switching Compensation

The PX183 color-screen changes color according to the beam-
voltage level. It is red at 8 kV, yellow at 12 kV, ard green at 16 kV.
As discussed above, there 1is a small size-change as the colors in the
display image are changed. There is an operating technique that com=

pensates the size change or depositioning.

Y DR L T PR T AT NG g T G B
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4.2.1 Intrinsically, the green image is always smaller than the red.
All that 1s needed for a size-match is a small increase in the deflection-
magnitude synchronous with the green color operation.

4.2.2 Two anode-voltage operating modes are illustrated in Figures

e o e S e+ AR 2L I gl M ot BT

16a and 16b. These define the up-voltage color-switch as No. I Mode,
wherein the mesh-voltage on terminal AM is synchronously switched down by
about 400 volts, from 8.0 kV to 7.6 KV, as the green color is attained by

raising the screen-terminal A_ from 8.0 to 16.0 kV, which also creates ]

5
interspace refraction.

4.2.3 In Figure 16b the down-voltage condition now creates the

EINRPIURORPY

interspace refraction. The red color image becomes larger as the beam-
voltage has been decreased from 16.0 to 8.0 kV. In this No. II Mode the
size~increase 1s compensated by synchronously ralsing the mesh-~terminal

A, voltage by about 800 volts, from 16.0 to 16.8 kV.

4
4.2.4 The larger red image is reduced to match the green image by Vi

raising Vﬁ vwoltage so as to decrease deflection-sensitivity. To a good

approximtion this varies as the inverse square of the appropriate anode

voltage. The synchronously switched difference-voltage is:

Vv, = V4 H AH 2
o] (epi—) e |

Because the compensation voltage 1s applied to a fractional

part of the anode electrode, which is the mesh-terminal AM alone, it has
reduced effectiveness. Were it applied to all anodes = A2+A3+Au it would
be approximately twice as effective. AV23L‘ = V23u[ (_‘ii_A_‘;_) 2_1 :]
4.2.5 By similar consic.crations, a green-to-red image match in size
is effected by a very small change in the deflection amplifier (s). Instead

of a high-voltag> switch, generating Vu, a ground-level switch can readily

~10-




diminish the deflectlon magnitude during the red-image interval by
approximately a 1% reduction of gain in the deflection amplifier (s).

This appears to be an altermative approach, but it has
not been verified by actual test during this program.

4.3 Single Value of Compensation Voltage

Experimental data disclosed that color-image deposi-

0 s A R i X il e s T, B 412 T3t

tioning 1is not compensated by a single value of A\ Vh volts. A

plot of ZB'VM vs radial scan position shows variations. Typlcally a

flat mesh mated to a 38" radius-of-curvature screen, with 7p,A71.0 inch

and 9 0.4 inch, sets A V=850 volts at one-inch scan and
resets A V4=500 volts at seven inches of scan. These data apply to
the 16MLOO CRT as delivered.

4.3.1 Computing the A\ V) compensation volts for a flat mesh
and flat screen, or co-spherical mesh and screen, always results in a
rising value of compensation voltage against radius. It became appa-

. rent that the mesh 1s desirably flatter (of larger radius-of—curvature)

than the screen; an optimum value could be found.

4.3.2 The space at the edge of the screen = g; it is smaller
than 7, , but it could not be too small; at least 8000 volts had to be
safely supported across this gap. The correct compensation value for

1= g at the screen edge, where H=Hm, is found by proportioning the larger

DHat £ to the smaller A H at H near screen center.

4.3.3 Starting with a flat (stretched across the frame) isolation-
mesh, a ccritoured screen is axially spaced for i= I, and for g, as shown
in Figure 17. Trial calculations for tabulated values of 4=1,2,3...7 inches,
via the expressions in Figures 12, 13, etc., generate a set of [SVM

numbers. “hen these A vy volts are virtually at a constant value the

11~




matching contour has been found.
For a flat mesh and screen the —compensation voltage at maxi-
mun radius ranges to approximately twice its paraxial value.
4.3.4 It is a simple concept tc contour the screen sc that its
initial value is

(H max)<

le =2 gand R 2 g

which zlves the matched contour of the screen for a constant value of
ZSVﬁ.
4.3.5 The following tabulation compiles the axial spacing condi-

tions for a representative list of screen-contours:

25 2.0 1500
ity 1.225 300
60 .817 600 v,,=16000 volts
100 RiTelg) 370 Smax = 7 . nes.
150 327 240

4.4 Anode Capacitance

Color-switching speed is limited by the current-magnitude
that the electronic switch can furnish; 8000 volts mist be zhansed bet-
ween red and green display, across approximatel:; 112 picofarads.

4.4.1 The co-spherical mesh-to-screen gap in the early crt had
a measured value of 146 pf at A5 (screen terminal). The faceplate capaci-
tance at 2.% inch from the mesh computes tco zbout 130 2f. Thme capacltance
values of all the 16MI00 co.or c¢r+'s are screen-surface sensitive tc rear-
bty objects.

4,2 The final versisn o the 16M100 crt had a larger average car
from mesh 0 screen of more than 7.% inches. All of the anode terminals

Aere measured for capacitance as fcllows:

-10-
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i A_, Phosphor screen = 112 pf
Aj, Isolation mesh = 141 pr
; A., Fummel sidewall = 58 pf
j A5, Electron gun = 80 pf
: A7, Static Focus = 5 pf

4.5 Display Resolution

A working objective in this crt is 1000 resolvable scamning

lines. For the useful screen diameter of 14 inches this requires a

AL LR B Pt e

line-width of 14 mils.
4.5.1 By inspection and electron-gun analysis the following list
tabulates each kind of resolution-limiting factor.
A. Phosphor grain size m= 3 mils
B. Mesh aperture pitch ~ 7 mils
C. Focus lens aberrationse~5.6 mils
D. Electro-Opt. image ~ 6.3 mils
E. Space-charge spread ~ 8.5 mils
By RMS summation of these distortions the line-width limit is 14 mils.
This is achieved for an electron-beam current of 325 uA.

h.6 Maximum Screen Brightness

The PX183 phosphor with 16 kV excitation has a working
screen efficiency of 8.4 lumens per watt. On the square 10 x 10-inch
raster display about 30 foot-lamberts is the attainable maximum bright-
ness. At a substantially increased drive the 16M100 crt produced 45 ft.
lamberts at 700 lines resolution.

4.6.1 Deflection defocussing is cbserved using a conventional
commercial deflection yoke. At the max. electron-beam current, in the ‘
Mode II condition, the focussed line-width enlarged by a factor of

1.7 x at + 6 inches from screen-center. This is well corrected by

refocus of the beam with approx. +400 wolts; Al terminal is changed

from 2300 to 2700 volts, approx.

-13-
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b7 Moire

Interference fringes are possible because of close proximity
of mesh to phosphor-screeri. A near match of raster scan-line pitch to the
mesh piteh can generate npiref

4,7.1 In this crt the scamning height had to be substantially smal-
ler than the screen-dlameter. Line-to-line compression to more than 100
per inch did indeed show interference fringing.

4,7,2 Rotating the crt and mesh relative to the scan-pattern by
45 degrees virtually eliminates the moire’display.

4.8 Display Color Values

Two phosphor-screen types are incorporated in the finished
16M100 crts, samples #3 and #4. These were measured for their color coor-
dinates at a moderate brightness level.

4,8.1 Sample #3 contained phosphor Type PX178 (Thomas ident.); this
is essentially a "killed" Pl green admixed with P22R red, a rare-earth
phosphor. Its color-range is printed on the Kelly chart of Figure 18.

4,3.2 Sample #! is a dual mixture of "killed" Pl green plus P22G
green and a rare-earth P22R phosphor. Its color anc luminescent perfor-
mance are shown on Figure 19.

k.9 Secondary Emission Effects

In the 16M100 crt the scanning electron beam impinges the
seml-transparent isclation mesh and the phosphor-screen at high voltage.
Low-energy secondary electrons are liberated, and these migrate to the
nearest more positive electrodes. Reflected primary electrons are not
considered.

4.9.1 As an example, the operating crt is driven to a total anode

current of 300 pA at A,=A3=A;=Ag=16000 wolts. This is the cathode emission-

14
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current, too.

With A5 reset to 15,500 volts the electron-beam current

divides to 270 mA at Au and 10 pA to A With this small screen-ter-

5°
minal current the raster brightness measured 24 foot-lamberts.

When the A_ terminal is raised (beyond Au) to 16,500 volts,

5

IAu=9OJLA, IA_=190 pA, and the screen-brightness = 26 foot-lamberts.

5
Despite the 19-fold increase in A5 terminal current-flow the actual
change in phosphor-screen excitation is negligible.

4.9.2 As a matter of fact the electron-beam current is 280 uA

in both cases. Approximately 47% passes thru the mesh (Au terminal),

and 132 pA to the screen (A5 terminal). This input is about 2 watts
into 0.7 ft., 2 producing 24 ft.-lamberts, which equates to about
8.4 lumens/watt of real-power screen efficiency.
4.9.3 It is thus apparent that color-switching can force a
dynamic current exchange between A5 and Au ferminals. In Mode II
; . the red color-select at‘8000 volts below the Au terminal may even show
reverse current; this can create operating diff-culties in the H-V
power source. With green color-select at 16,000 volts there can be a
i surge of current as the A terminal collects most of the electron-beam
: current. °
To alleviate this condition, the AU terminal voltage
may be set slightly higher, such as 16,500 volts. As a result the

screen~current continues as a smll, and nearly constant, fraction

of the total anode current.

s

4,9.4 Thus it is recommended that the isolation-mesh via A,

terminal be utilized as the secondary-electron sink in the operation

-15-




of the 16ML00 type of crt. This is also applicable for the electron-gun
voltage at the A2 terminal; keeping these electrodes at the highest poten-
tial ensures the maximum level of electron current in the focussed electron
beam for the brightest display.

5.0 Reliability Considerations

No specific envirormmental testing is available as a formal
part of this program. It is warranteed that the 16M100-type crt will
pass the appropriate tests for crts specified in MIL-E-1.

5.1 The electron gun is the same type established in the 19MU5
crt of the (military) AWACS Program. Shock and vibration qualification
has been conducted.

5.2 The isolation-mesh frame-assembly is the novel addition to
thls ert. For this unit the established commercial design techniques
of color-TV shadow-mask tubes have been adopted. It should be especi-
ally noted that, in reference to Paragraph 1.4, ﬁhé interspace of the
1solation-mesh to the phosphor-screen is not at all critical. Any small
displacement or motion will not affect the displayed color and will only
slightl; affect the displayed geometry.

5.2 The glass bulb is a standard Corning Glass Works product.

As such, the desien is capable of withstanding a 45 pound pressure-test.
In the 1£M100 crt, there is one added J1-21 button on the panel and two
added J1-21 tuttons on the funnel.

5.4 seful sperating life of the 16MI00 crt is nredicted to be
typical »f Industrv ~tandards. There are no unconventional materials or
techni jues usilized 1n 1ts fabrication.

5.4.1 The mesr=Trame assembly is of stalnless steel. The glass bulb

- 1
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is of the G-12 type. Gettering is applied above the electron gun. A
routine evacuation-bake cycle processes this bulb assembly.

5.4.2 The panel-funnel sections are solder-glass sealed via
the well-established frit-seal technology.

6.0 Conclusions

The 16M100 cathode-ray tube, with the PX183 color-phosphor
ard the isolation mesh-frame assembly, has succeeded in meeting the ob-
Jeetives outlined in ERADCOM'S Technical Guidelines BD-6.

6.1 It meets the specifications of mechanical size, electri-
cal operating conditions, and optical output values in all respects
but one. Maximum brightness level of the green color 1s only one-
third the desired goal of 100 foot-lamberts.

6.2 The adjudged primary goal, "in which the colors in the
display can be changed at will by the voltage applied to the
phosphor-electrode alone, without measurable effect upon the deflec-
tion geometry, etc." has been realized to the fullest practical value.

The slight dimensional change, of about 1% magnitude,
for the 100% color change is barely visible. 3y comparison to other
voltage-penetration color tubes, whose pattern-size, shave, ard focus
have to be radically compensated, this crt is operationally stabilized.

6.3 The 16MLO0 cathode-ray tube fulfilled its design goals in
a straight-forward and uncomplicated manner. This 1s favorable for
operational reliability.

7.0 Recommendations

The color cathode-ray tube with the specific isolation-

mesh feature is so superior for color image congruence that it warrants

-17-
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further development. Other single-electronegun type color-tubes, such
as the "Chromatron" or "Apple" (beam-indexing) systems, require elabo-
rate gating or switching circuitry. Three-gun TV color-tubes exhibit .
low-resolution images and require critical convergence technigues to |
preserve color purlty.
The phosphor-penetration, isclation-mesh color-tube can be

further advanced by:

7.1 Improvement in the phosphor-screens whereby color-range
and selectivity versus penetratlion voltage is better resolved. Uti-
lizing three primary color phosphors is a desirable possibility.

7.2 The 1solation-mesh has only one task in the electronic
coeration of this type of color cathode-ray tube. It is a woltage-
gradient shleld. As such, it may be fabricated with mesh-transmissicns
approaching 80%, particularly in the flat mesh-frame assemblies. Beam-
current efficiency is correspondingly improved.

7.3 Larger—diameter cathode-ray tubes, such 2s the popular
23=inch size, are readily adapted to thls multi-color scheme of opera-

tion.

8.0 Publications, Reports, and Conferences

8.1 Phoschor-Penetration Color~-Shift CRT with Invariant
Defleetion and Focus, 2-6-74. Emil Sanford, Thomas Electronics, Inc.

8.2 Technical Proposal for U.S. Army Electronics Command,
Request Number DAABOT-T7L=0-7222. 2eter Seats, Thomas Electronics, Inc.
5=15=74.

8.3 Technlcal Discussion 2t Thomas Electronics, Jul: 1§, 1974
between Messrs. unser Crost, Irvineg Relngnld, ECOM Fort Yonmcuth,

New Jersey, and '23srs. Peter lRezts, Emil Sanford, Thomas Electronics,

e e
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Inc. Wayne, New Jersey.

8.4 Administrative discussion at ECOM, Fort Mormouth, New Jersey,

by H. A. Ketchum, Thomas Electronics, Inc., June 28, 1974.
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Figure 5 -
Upper bulb (panel) assembly
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Figure 9 - Complete 16M100 CRT
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001
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CDR, US ARMY RESFARCH OFFICE 569
ATTN: DRXRO-1P

PO BOX 12211

RESEARCH TRIANGLE PARK, NC 27709 001
CDR, US ARMY RESEARCH OFFICE 572
ATTN: DRXRO-PH (DR. R. J. LONTZ)

PO BOX 1221}

RESEARCI TRIANGLE PARK, NC 27709 002
COMMANDANT 579
US ARMY INST FOR MILITARY ASSISTANCE

ATTN: ATSU-CTD-MO

FORT BRAGG, NC 28307 001
CDR, US ARMY TROPIC TEST CENTER 602
ATTN: STETC-MO-A (TECIl LIBRARY)

DRAWER 942

FORT CLAYTON, CANAL ZONE 09827 001
DIVISION CHIEF 603
METEOROLOGY DIVISION

COUNTERFIRE DEPARTMENT

FORT SILL, OK 73503 001
COMMANDANT 604
US ARMY AIR DEFENSE SCIOOL

ATTN: ATSA-CD-MC

FORT BLISS, TX 79916 001
COMMANDER 606
US ARMY NUCLEAR § CHEMICAL AGENCY

7500 BACKLICK RD, BLDG 2073

SPRINGFIELD, VA 22150 001
HQ, TCATA 607
TECHNICAL INFORMATION CENTER

ATTN: MRS. RUTH REYNOLDS

FORT HOOD, TX 76544 001
COMMANDER, DARCOM 608
ATTN: DRCDE

5001 EISENHOWER AVE

ALEXANDRIA, VA 22333 001
CDR, US ARMY SIGNALS WARFARE LAB 609
ATTN: DELSW-0S

VINT HILL FARMS STATION

WARRENTOM, VA 22186 001
COMMANDER 612
US ARMY MOBILITY EQP RES § DEV CMD

ATTN: DRPME-R

FORT BELVOIR, VA 22060 001

B S st ccssiasinl bty e

e

COMMANDER

US ARMY ENGINEER TOPOGRAPHIC LABS
ATTN:  ETL-TD-EA

FORT BELVOIR, VA 22060

COMMANDER

US ARMY LOGISTICS CENTER
ATTN:  ATCL-MC

FORT LEE, VA 22801

CNR, PM CONCEPT ANALYSIS CENTERS
ATTN: DRCPM-CAC

ARLINGTON HALL STATION
ARLINGTON, VA 22212

CDR, NIGHT VISION & ELECTRO-OPTICS LAB
ERADCO4

ATTN: DELNV-D

FORT BELVOIR, VA 22060

CDR, ATMOSPHERIC SCIENCES LAB
ERADCOM

ATTN: DELAS-SY-S

WHITE SANDS MISSILE RANGE, NM 88002
CHIEF

OI'C OF MISSILE ELECTRONIC WARFARE
ELECTRONIC WARFARLC LAB, CRADCOM
WMITE SANDS MISSILE RANGE, XM 88002
CHIEF

INTEL MATERIEL DEV & SUPPORT OFC
ELECTRONIC WARFARE LAB, FRADCOM
FORT MEADE, MD 20755

CDR, HARRY DIAMOND LABORATORIES
ATTN: DELHD-CO

2800 POWDER MILL ROAD

ADELPHI, MD 20783

COMMANDER

ARRADCOM

DRDAR-TSB-S

ABERDEEN PROVING GROUND, MD 21005

CDR, ERADCOM
ATTN: DRDEL-CG; -CD; -CS (IN TURN)
2800 POWDER MILL ROAD

ADELPHI, MD 20783 !

CDR, ERADCOM
ATTN: DROEL-CT

2800 POWDER MILL ROAD
ADELPHI, MD 20783




613 CDR, ERADCOM
ATTN: DRDEL-PAO
2800 POWDER MILL ROAD
001 ADELPHI, MD 207853

614 CDR, ERADCOM
ATYN: DRDCL-LL; -SB; -AP (IN TURN)
2800 POWDER MILL ROAD

001 ADELPHI, MD 20783

617 CDR, ERADCOM
ATTN: DRDEL-AQ .
2800 POWDER MILL ROAD
001 ADELPHI, MD 20783

619 CDR, ERADCOM
ATTN: DRDEL-PA; -ILS; -ED (IN TURN)
2800 POKDER MILL ROAD

001 ADELPHI, MD 20783

622 1QS, HARRY DIAMOND LADORATORIES
ATTN: DELHD-TD (DR. W. W. CARTER)
2800 POWDER MILL ROAD

001 ADELPHI, MD 20783

680 COM.ANDER
US ARMY ELECTRONICS R&D COMMAND
000 FORT MONMOUTH, NJ 07703

1 DRDEL-SA

1 DELLK-D

3 DEICS-D
S

DELET-D

DELET-DD

DELET-DT

DELET-BD

DELSD-D

DELSD-AS

DELSD-L (TECH LIB)
DELSD-L-S (STINFO)

B b=t bt pd Y N Db

681 COMMANDER
US ARMY COMMUNTCATIONS R&D COMMAND
000 FORT MONMOUTH, NJ 07703

1 DRDCO-COM-RO
1 USMC-LNO
1 ATFE-LO-EC

682

000

700

001

701

002
703

001
704

001
705

002
706

002
707

001
709

001

711

001

COMMANDER

US ARMY COMMUNICATIONS & ELCCTRONICS
MATERIEL READINESS COMMAND

FORT MONMOUTH, NJ 07703

1 DRSEL-PL-ST
1  DRSEL-MA-MP
2 DRSEL-PA

CINDAS

PURDUE INDUSTRIAL RESEARCH PARK
2595 YEAGER ROAD

W. LAFAYETTE, IN 47096

MIT - LINCOLN LABORATORY
ATTN: LIBRARY (RM A-082)
PO BOX 73

LEXINGTON, MA 02173

NASA SCIENTIFIC § TECH INFO FACILITY
BALTIMORE/WASHINGTON INTL AIRPORT
PO BOX 8757, MD 21240

NATIONAL BUREAU OF STANDARDS
BLDG 225, RM A-331

ATTN: MR. LEEDY
WASHINGTON, DC 20231

ADVISORY GROUP ON ELECTRON DEVICLS
201 VARICK STREET, 9711 FLOOR
NEW YORK, NY 10014

ADVISORY GROUP ON ELECTRON DEVICES
ATTN: SECY, WORKING GROUP D (LASLR3)
201 VARICK STREET

NEW YORK, NY 10014

TACTEC

BATELLE MEMORIAL INSTITUTE
505 KING AVENUE

COLUMBUS, Oll 43201

PLASTICS TECH EVAL CENTER
PICATINNY ARSENAL, BLDG 176
ATTN: MR. A. M. ANZALONE
DOVER, NJ 07801

METALS AND CERAMICS INF CENTER E
BATELLE ‘
S0S KING AVENUE |
COLUMBUS, Ol 43201




